A study was performed in adults to determine the efficacy of closed reduction and intramedullary nailing in dynamic mode on union, implant failure and incidence of malalignment in patients who sustained an extra-articular fracture of the distal tibia. Methods: Between January 2007 and December 2013, one hundred and twelve patients of distal tibia that involved the distal 6 cm of the tibia were treated at our hospital with reamed intramedullary nailing with use of two distal interlocking screws and one proximal screw in dynamic mode. The augmentation was done with poller screws whenever it was necessary. The nailing of fibular fractures was done in 27 cases. There were 85 males and 27 females with a mean age of 30.9 (range: 20 to 72). Eighty fractures were closed whereas 32 were grade 1 open fractures. Results: The average time to union of the closed fracture was 15.4 weeks (range: 12 -28 weeks). The healing times for the primarily nailed compound Grade I averaged 17.8 (range: 15 -34 weeks). After minimum follow-up of one year, rate of primary union was in 97.32%. One case of broken nail required revision surgery. There were three cases of delayed union and two cases of non union. In one case there was deep infection which required exchange nailing with antibiotic impregnated nail. There was breakage of interlocking screws in three cases but fracture had united. In twenty two cases acceptable malalignment of the tibia was observed after union. The outcome was determined at a minimum of one year in our study based on the criteria of Johner and Wruhs. Out of 112 patients, 79 patients had excellent results, 29 had good results and 4 had fair results. Conclusions: The dynamic osteosynthesis of distal tibia by interlocking nail and judicious use of poller screws is an effective alternative for the treatment of distal metaphyseal tibial fractures.
Introduction
The fractures of distal tibia-fibula are relatively common because of increased road traffic accidents. The majority of these fractures occur because of high energy trauma. The surgical treatment of distal tibial fractures remains controversial because of the limited soft tissue, blood supply and increased risk of infection, delayed union or nonunion [1] .
Open reduction and plating is a popular method that can result in good fixation. The technique is used widely, but it usually requires a relatively extensive wound exposure and soft-tissue dissection and is often associated with delayed healing, infection, and hardware problems [2] [3] .
Recently, minimally invasive percutaneous medial locked plating has been described in the literature with promising results [4] [5] . However, this method is technically demanding, and it is often difficult to achieve anatomic reduction of the fracture site and if fixation of the fibula is required; an additional incision must be made on the lateral side. Locked intramedullary (IM) nailing is the treatment of choice for closed fractures of the tibial shaft. In distal tibial fractures it is often difficult to achieve and retain good reduction by nailing methods. The nail does not fit properly into the distal fragment of the tibia. This places additional stress on the distal locking bolts and may lead to breakage and mal-alignment [6] [7] .
IM nails currently represent an effective approach to the treatment of complex tibial fractures such as distal tibial metadiaphyseal fractures [8] [9] . The low multidirectional locked nailing may represent a superior surgical option, since it offers advantages in terms of mean operating time, hospital stay, full weight-bearing time and union time [10] [11] .
The aim of this paper is to evaluate dynamically locked IM nails with the judicious use of Poller screws (blocking screws) and fibular fixation as a supplement to stability and optimal alignment for closed and type I open extra-articular distal tibial fractures within 6 cm of the ankle joint.
Materials and Methods
A prospective study of 112 patients who sustained an extra-articular fracture of the distal tibia was performed between January 2007 and December 2013. Biplanar injury radiographs were evaluated to determine the fracture location and involvement of the distal part of the tibia. Inclusion criteria for this retrospective review were acute extraarticular fractures in skeletally mature persons, involving the distal 6 cm of the tibia, treated with an IM nail. In this series cases with distal fragment of at least 3 cm in length that allowed placement of at least two interlocking screws through the nail are included.
Eighty fractures were closed and 32 grade I open fracture. Exclusion criteria for this study were severe open fractures (Gustilo-Anderson grade II and III) and fractures with intraarticular extension. There were one hundred and twelve patients (85 males; 27 females) with a mean age of 30.9 years (range: 20 to72) with spiral and oblique fractures of distal tibia were seen more frequently. An associated fracture of the fibula was present in one hundred and-five patients. In 27 cases fibula was at the same level.
The mechanisms of injury included fall from height (thirteen patients) motor vehicle accident (thirty-nine patients), sports injury (twenty-six cases) and simple falls (nineteen cases) ( Table 1) .
According to the AO/OTA guidelines, there were fifty nine 43A1, thirty 43A2 and twenty three 43A3 fractures [12] . Three fracture with associated medial malleolus fracture and two cases of minor coronal split were included in study.
The distal tibial nail used in this study has a modification at the distal end. The two distal interlocking holes in distal end are at right angles to each other. The most distal interlocking hole is 5 mm proximal to distal end of the nail and is in anteroposterior direction and proximal distal interlocking hole is in mediolateral direction i.e., at right angle to distal interlocking hole at 15 mm from the tip of the nail. After admission, routine inpatient investigations were performed on all patients to evaluate their fitness for surgery. The nailing was done under spinal anesthesia on a fracture table. The hip was flexed to 45˚ and knee up to 60˚ with a well-padded bolster kept away from the popliteal fossa to avoid pressure on the popliteal vessels. Manual traction is given by the assistant. Reduction was done and checked in anteroposterior and lateral views on the image intensifier. In thirty cases, fibular length was achieved by traction; reduction was obtained and stabilized by retrograde screw IM nail. The K wires were used as a joystick for reduction in some of the cases. In 5 cases limited open reduction is required to pass a nail in fibula. A fibular plate was used as a primary reduction aid to obtain length, alignment, and rotation of the distal tibial segment in three patients where lateral malleolus is fractured. Undisplaced medial malleolar fracture was encountered in three cases fixed by screws after interlocking nailing.
A 2.5-cm incision was made in the midline at the upper end of the tibia just adjacent to the patellar tendon on the medial aspect. The patellar tendon was retracted laterally. The entry point of the nail was marked with a curved awl and the medullary cavity was reached gradually. The guide wire was passed after reduction ensuring its position in the center of the distal tibial metaphysis. The position of guide wire was improved by use of poller screws. The reaming of the canal was done up to isthmus. The appropriate nail was passed over the guide wire and checked under the image intensifier till the tip anchors into the distal tibial metaphysis. In most cases the length of the nail was selected such that it extends to within 1.5 cm of the distal joint line in the antero posterior view and flush with the entry point in the proximal end in the lateral view.
The stability was assessed. In cases where we felt that distraction was likely or was seen on the image intensifier, gentle thumping of the heel with the knee flexed and fracture stabilized by the assistant helped to bring the fragments in good apposition. Limited open reduction was required in 12 patients. Proximal locking was done in a dynamic mode through aiming device and distally locked with 4.9 mm screws in two planes within 2 cm of the articular surface of the tibia. The biplanar distal interlocking screws passed through the distal end of the nail at 5 mm to 15 mm from the tip (Figure 1 and Figure 2) .
The unstable distal meta-diaphyseal fractures were stabilized with a poller screw in 38 cases. Poller screws are used in 23 cases on medial side, 12 cases on lateral side and 3 cases on posterior side of the nail (Figure 3) . Washer is used in five cases on medial side when there was comminution at screw insertion site.
The mean time for the surgery was 48 min (35 -65 min) and the average hospitalization time in our cases was 5 days (3 -12 days). Polytrauma patients underwent surgery, once they were hemodynamically stable and declared fit for surgery by attending physician. IM nails of size 9 mm were used in 68 cases and size 10 mm in 44 cases. The nailing of the fibula was carried in thirty cases by screw IM nail where we felt that the distal tibial fragment was unstable. Two of the cases had compartment syndromes, which required immediate fasciotomy on the third day of the surgery. All patients received antibiotic prophylaxis in the form of first generation cephalosporin that was started preoperatively and continued until the third postoperative day. All patients of A3 fracture received a short leg cast for the initial four weeks after suture removal. Patients with an extra-articular distal tibial fracture were not allowed to bear weight for six weeks.
Results
All 112 fractures in 112 patients were followed up serially at least until the time of solid union. The follow-up period averaged 15 months (12 -26 months). Eighty eight patients were allowed partial weight-bearing by 6 weeks after operation. 20 patients, type C (most unstable) fractures, partial weight-bearing was begun when the fracture was stable to axial and rotational load at 8 weeks (6 -10 weeks) period. The average time to full weight-bearing was 8.2 weeks. The fracture was assessed for union at the follow up examinations. Absence of pain at the fracture site and radiographic evidence of callus in anteroposterior and lateral views of two or more cortices was considered as healed. The average time to union of the closed fracture was 15.4 weeks (range, 12 -30 weeks) and for primarily nailed compound Grade I averaged 17.8 weeks (range 15 -40 weeks) respectively (Figure 4) . Non-union was seen in 2 cases and additional procedure of bone grafting was done. In one case there was deep infection requiring removal of nail. Antibiotic impregnated nail is implanted. Infection healed and union occurred after ten months of follow up. There were three cases of delayed union lead to breakage of interlocking screws. In one case union developed after breakage of dynamic locking screws. Other two cases developed distal screw breakage probably because of the early weight-bearing, but the fractures healed uneventfully. There was one nail breakage after three months of follow up. This case successfully revised with exchange nail and uneventful union occurred in eight months. Twenty two patients had a malalignment of the tibia but after union it was within acceptable range. They attained the full function of ankle and knee. Superficial infection occurred in five cases, three of which were on the nail entry portal whereas two were at the distal locking site. They were treated successfully with debridement of the wound and antibiotics.
Return of a functional range of motion in the knee was full as measured at the latest clinical visit at one year follow up in one hundred eight In twenty nine cases at least 80% of the range as compared to uninjured side loss of range of ankle motion and pain were observed in earlier period of follow up. Although pain was resolved in all cases after rehabilitation and no limitation of daily activity was found in these cases. Four patients had significant loss of dorsiflexion and plantar-flexion. For alignment measurement anteroposterior and lateral radiographs were made from both legs. Shortening more than 1 cm was considered significant. Malalignment was defined as >5˚ varus/valgus deformity, >10˚ procurvatum/or recurvatum or >10˚ rotation.
The fracture healed in varus angulation in seven cases. The angle ranged from 5˚ -10˚ (mean, 6˚), the fracture healed in valgus angulation 6˚ -8˚ in twelve cases and in three cases, we could see the recurvatum deformity but malalignment was under physiological limits and the patients presented at the routine clinicoradiological review. But that did not affect the functional demands of the patients.
Seven patients of comminuted fractures had a shortening of 1 cm. sixteen patients had less than 1 cm of shortening ranging from 5 -8 mm. The proximal migration of the nail was seen in 23 cases due to dynamization. Eleven patients reported anterior knee pain. Three patients required early removal of nail for pain and persistent irritation at the knee after union. Two patients of nonunion of fibula was noticed after one year follow up but functionally there was no problem to the patients. After average follow up of nine months (7 months-18 months) the results were graded according to the criteria laid down by Johner and Wruhs. Our results were excellent in 79 cases (70.54%), good in 29 cases (25.90%), and fair in 4 cases (3.56%) ( Table 2) . The fixation of distal tibial fractures with new nail system or anatomically contoured locking compression plate in association with use of the Minimally Invasive Plate Osteosynthesis (MIPO) technique is associated with high union rates and offers a significant benefit in protecting the soft tissue enveloping the fracture site. Although both techniques have demonstrated success in maintaining reduction and promoting stable union, they possess distinct advantages and disadvantages that require careful consideration during surgical planning. Differences in soft-tissue health and construct stability must be considered when choosing between intramedullary nailing and plating of the distal tibia [15] [16] .
IM nailing can be considered the "gold standard" for the treatment of tibial midshaft fractures, but there are concerns about their use in distal tibia fractures [17] . This is because of technical difficulties with distal nail fixation, and the discrepancy between the diaphyseal and metaphyseal diameter of the IM canal, malalignment of the distal tibia may develop after nailing. There is a risk of nail propagation into the ankle joint, In recent years, intramedullary nailing has become widely accepted as the operative treatment of choice for tibial diaphyseal fractures. There use have been extended to fractures closer to the ankle joint. Bonnevialle et al. unreservedly propose nailing for distal leg fractures presenting 2 -6 cm of cancellous bone above the subchondral bone [18] . Intramedullary nailing is an effective alternative for the treatment of distal metaphyseal tibial fractures. Simple articular extension of the fracture is not a contraindication to intramedullary fixation. Functional outcomes improve with time [10] [19] [20] . One of the most important reasons of delayed union and non-union is inadequate stabilization of the fracture. Duda et al. confirmed that biomechanical conditions in unreamed IM nailing of distal tibial fractures are unfavorable, because of a large axial to shear strain ratio between the bone fragments. Unreamed nailing of distal tibial fractures is associated with a rather high rate of bone healing complications and locking screw failure [21] [22] .
We advocate isthmus reaming for nailing in distal tibia. The isthmus reaming minimizes the violation of medullary canal and provides effective bone dust for early union. Limited reaming spares cortical perfusion compared with standard reaming at the time of nail insertion [23] [24] .
Different techniques to assist in reducing the fracture have been proposed. Krettek et al. used Poller screws. The principle of these additional screws is to orient the nail, preventing it from going where it should not go by reducing the metaphyseal space.
The judicious use of poller screws in unstable construct effectively stabilizes the distal tibial fracture [25] . We resorted to Poller screws in 23 cases on medial side, 12 cases on lateral side and 3 cases on posterior side of the nail to enhance the stability.
The fibula plays an important role in the mechanical stability of the ankle joint. For fractures of the distal tibia and fibula, the proportion of patients with reduction loss was significantly greater after IM nailing alone than after IM nailing and plate and screw fixation fibula. Many authors proposed fibular fixation of the fibula to assist in reducing the length and rotation of the tibial fracture. Whereas the series reported in the literature make it impossible to conclude on the need for fibular repair .Kumar et al. observed greater initial rigidity when the fibula was fixed compared to non fixed fibula. The fibular plating was recommended whenever IM nailing was used in unstable distal tibio-fibular fractures [26] [27] .
The open reduction internal fixation of the fibula with plate has also shown an increased rate of wound complications. Williams et al. demonstrated a 23% incidence of wound infection at the fibular fixation site an additional incision must be made on the lateral side [28] .
In view of our results, we recommend primary fixation of the fibula fracture up to the distal third of the fibula. We resorted to nailing of the fibula in 27 cases, which we thought that the stability of the distal tibial fragment was questionable. We strongly advocate nailing instead of plating for fibular fixation as advised by Weber. Fixation of the fibular fracture helped us to correct alignment of the tibia [29] . The procedure can be carried out mostly by close method.
The IM canal at distal tibia prevents intimate contact between the nail and endosteum, insertion of two distal locking screws becomes therefore more necessary. There is consensus in the literature on the need for double distal screw fixation so as to obtain better control of sagittal and frontal as well as horizontal movements by distributing stresses. It is also well documented that the placement of two distal screws increases the stiffness and strength of the bone-implant construct, thus leading to enhanced mechanical stability of the fixed fracture [30] [31]. In our series distal tibial fractures were treated with a reamed intramedullary nailing system that increases distal fixation by two distal interlocking screws passing through the distal 0.5 cm to 1.5 cm from the tip of the nail. The design of the nail allows one mediolateral and one anteroposterior screw for better stabilization of the distal fragment. Twenty two patients had a malalignment of the tibia but after union it was within acceptable range. They attained the full function of ankle and knee. The results were satisfactory even when two locking bolt were used. Only 3 cases had gross malalignment (angulation of 10˚ -12˚ valgus) and restricted movements of ankle. Only in three cases there were breakage of the screws.
Although the clinical benefit of dynamization in fresh tibial fractures is debated, the technique is generally accepted as an essential method of stimulating fracture healing in delayed and nonunions. Mosheiff et al. reported that 22 of 52 patients with distal tibial metaphyseal fractures treated with unreamed nailing required secondary procedures (e.g. dynamisation, autogenous bone grafting, fibulectomy) to progress to union [32] .
Dynamic locking allows intermittent compression of the fracture site during early weight-bearing therefore incidence of screw breakage is very low as compared in the literature. Both the implants in tibia and fibula are in dynamic mode therefore our system referred as dynamic osteosynthesis. Incidence of delayed union and nonunion rate is very low as compared to reported series as we used the single interlocking bolt in dynamic mode especially in upper part and 2 locking bolts in lower end are used to secure the distal fragment. We believe that dynamization of long bone fractures has been shown to accelerate periosteal callus formation during early stages of bone healing. In addition, a more uniform callus formation is seen as a result of this controlled reduction of the fracture gap. Toe touch weight-bearing after removal of cast allows early osseous healing without fatigue, and failure of locking bolts. Fear of shortening because of dynamization and early weight-bearing has not been sustained. The anterior knee pain remains a problem with IM nailing regardless of the surgical approach relative to the patellar tendon. Dogra, Ruiz, and Marsh reviewed 83 patients with isolated fractures of the tibial diaphysis treated primarily with closed, reamed intramedullary nailing. Twenty-nine patients experienced pain around the knee when resting. The cause of this symptom is still unclear [33] [34]. In our series incidence of anterior knee pain is very less as compared in the literature because of minimum trauma at insertion site and nail buried nicely in upper part of tibia. At 12 months, 112 radiological and clinical files could be analyzed. The average time to union of the closed fracture was 15.4 weeks (range, 12 -30 weeks) and for primarily nailed compound Grade I averaged 17.8 weeks (range 15 -40 weeks) respectively. Non-union was seen in 2 cases and additional procedure of bone grafting was done. In one case there was deep infection requiring removal of nail. Antibiotic impregnated nail is implanted. Infection healed and union occurred after ten months of follow up. There were three cases of delayed union lead to breakage of interlocking screws. In one case union developed after breakage of dynamic locking screws. Other two cases developed distal screw breakage probably because of the early weight-bearing, but the fractures healed uneventfully. There was one nail breakage after three months of follow up. This case successfully revised with exchange nail. After reviewing ten series published on nailed distal fractures of the leg, the mean union rate was 96.7% (87% -100%) for a mean 17.7 weeks to bone union. The present study showed comparable results with reported series in literature [35] .
The interlocking nail provides sufficient stability by three-point fixation at either ends and also in the diaphysis by its bony contact. We believe that to achieve uneventful union with minimum morbidity, due attention should be focused on avoiding damage to the periosteum of small bone fragments in comminuted fractures. The minimal surgical trauma and flexible fixation allow prompt healing when the blood supply to bone is maintained. The mechanically incompetent and biologically viable fragments heal around the nail to promote union and early recovery. It is our observation based upon the analysis of the patients in our series we strongly advise that the nail provides an effective implant providing stability and allowing union in simple and complex distal tibial fractures.
Conclusion
Dynamic osteosynthesis is a minimally invasive technique based on principles of limited exposure and indirect reduction methods, which avoids major soft tissue complications and shortens the length of the patient's stay in the hospital. We conclude that intramedullary nailing is a safe and effective technique for the treatment of distal metaphyseal tibial fractures.
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